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Enhancing Hydrocarbon Field Recovery: 
Employing Multi-Stage Hydraulic Fracturing 

(MSHF) for the Development of Low-
Permeability Deep-Lying Deposits

Abstract
The development of deep-lying deposits offers the opportunity to extract additional 
volumes of gas and gasoline from fields experiencing declining production. This 
necessitates the introduction of new production methods to address decreased 
productivity in gas condensate fields. Hydraulic Fracturing (HF) emerges as a crucial 
method for intensifying production, particularly in low-permeability deep deposits. 
This study focuses on the application of Multi-Stage Hydraulic Fracturing (MSFH) 
as a highly effective technique for enhancing gas and condensate production in 
deep deposits with low permeability. Two distinct hydraulic fracturing processes 
were employed: Large-volume hydraulic fracturing, involving the injection of 300 
tons of proppant, and HiWay hydraulic fracturing, with 200 tons of proppant 
injection. The study reveals that HiWay technology significantly reduces proppant 
requirements for securing hydraulic fractures, achieving a reduction of up to 38.5% 
compared to high-volume technology. Following the implementation of these 
geological and technical measures, a noteworthy 2.5-fold increase in flow rate is 
observed at wells in the deep-lying deposits of the studied field. Furthermore, the 
hydraulic fracturing effect endures for a substantial three-year period.
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Introduction
The continuous advancement of technologies for enhancing 
reservoir fluid inflows and optimizing well completion stands 
as a pivotal approach to sustaining profitable levels of oil and 
gas production [1-4]. In the context of stimulating inflow in a 
hydrocarbon field characterized by low-permeability reservoir 
rocks, the application of Multi-Stage Hydraulic Fracturing (MSHF) 
technology proves instrumental, particularly in the completion of 
horizontal and directional wells. This study explores two variations 
of multi-stage hydraulic fracturing, with the first employing 
Hydraulic Fracturing (HF) technology through the deployment of 
lowering packer assemblies [5-9].

In the first hydraulic fracturing method, a specialized device 
is lowered into the well, executing multiple fractures in the 

horizontal, cemented part of the column. This process induces an 
inflow of hydrocarbons from the productive formation. The second 
hydraulic fracturing method involves an assembly equipped with 
burst couplings and casing packers, which is lowered into the 
horizontal section of the wellbore to isolate hydraulic fracturing 
intervals (see Figure 1). As hydraulic fracturing fluid is pumped, 
soluble balls of predetermined diameters are introduced, 
initiating the opening of rupture couplings when seated in 
their saddles. This allows communication with the productive 
formation, facilitating hydraulic fracturing.

To activate subsequent burst sleeves for additional hydraulic 
fracturing intervals after the initial stage, soluble balls with 
progressively increasing diameters are introduced into the liquid. 
This repetitive release of balls ensures the activation of all rupture 
couplings, guaranteeing planned multi-stage hydraulic fracturing 
in the horizontal well section [10-13].
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The multi-stage hydraulic fracturing method implemented in 
the studied hydrocarbon field involves three to seven stages, 
effectively creating fracture systems to enhance hydrocarbon 
flow.

Materials and Methods
The development of deep-lying deposits presents an opportunity 
to extract additional hydrocarbon volumes from gas fields amidst 
declining production, necessitating the introduction of new 
methods to enhance oil, gas, and condensate production [14-17]. 
The focus of this study is on an oil and gas condensate field where 

the content of hydrocarbons in productive formations, spanning 
from Cenomanian to Lower Jurassic deposits, is examined. 
Notably, oil rims are observed along the edges of these deep-
lying deposits (Figure 2).

Geological exploration data reveal a lens-shaped, discontinuous 
distribution of layers within these deposits, formed under 
avalanche sedimentation conditions and representing 
fondomorphic parts of Valanginian clinoform complexes [18-21]. 
The field comprises several bearing formations, denoted as A1-2, 
A3-4, A4, and A5, with the most significant productivity observed 

Figure 1: Layout for hydraulic fracturing with burst couplings and casing packers.

Figure 2: Profile of an S-shaped production well.
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in A3-4 and A5. The permeability of these complex reservoirs 
ranges from 1.0 × 10^-3 µm² to 10.0 × 10^-3 µm², displaying 
fractured and porous-fractured reservoir types [22-25].

The sandy-shaly deposits are overlain by Lower Valanginian clays 
and mudstones, ranging from 150 m to 300 m in thickness. Field 
development commenced in 2013, with priority given to the 
gas condensate deposits of the A3-4 and A5 formations. The 
A1, A2, and A6 formations are secondary targets due to limited 
knowledge, slated for development in subsequent phases [26].

Four oil and gas condensate objects have been identified within 
the studied field, categorized as formations A1 and A2, A3-4, 
A5, and A6. Three types of wells—vertical, S-shaped, and sub-
horizontal—are recommended for development, reaching depths 
of 4,194 m and 4,517 m for S-shaped and sub-horizontal wells, 
respectively [27].

For effective reservoir development, liners are run at intervals of 
3,490 m up to 3,770 m and 3,904 m to 4,194 m in wells with 
an S-shaped profile. In sub-horizontal wells, liner intervals range 
from 3,430 m to 3,740 m and 3,782 m to 4,517 m. Liners are 
utilized to isolate and develop productive formations, secured 
with cement mortar along their entire length in vertical wells and 
from the top of the productive formation to the liner hanger in 
sub-horizontal wells (Figure 3).

Production casing is deployed to cover Neocomian sediment 
layers and transitional unstable zones, with casing depths varying 
vertically and along the wellbore based on well profiles [28]. In 
the Cenomanian deposits interval, absorption of drilling fluid 
is addressed by lowering an intermediate column, allowing for 

geophysical investigations while preventing fluid absorption. 
The distance between the bottoms of production wells ranges 
from 1,200 m to 1,700 m in production areas, contingent on the 
distribution of gas-saturated thicknesses in the deposits.

Results and Discussion
The development of deep-lying deposits presents an avenue for 
extracting additional volumes of gas and condensate from fields 
experiencing declining production, categorizing these deposits 
as hard-to-recover reserves. To effectively unlock their potential, 
hydraulic fracturing (HF) emerges as a pivotal method for 
enhancing hydrocarbon influx from low-permeability reservoirs 
[29].

The strategic use of Hydraulic Fracturing (HF) as a primary method 
for field development, rather than merely for individual wells, 
significantly enhances efficiency. The success of HF is contingent 
upon optimal hydraulic fracturing programs, considering the size 
and orientation of formation fractures within oil and gas field 
development systems [30].

The design of hydraulic fracturing is grounded in geological 
and geophysical studies, incorporating well design and 
operational data. Successful hydraulic fracturing is gauged by the 
hydrodynamic connection between the well and the formation, 
ultimately determining well productivity [31]. Assessment of 
the hydraulic fracturing process involves comparing productive 
characteristics before and after implementation.

Calculations indicate that hydraulic fracturing alters the direction 
of fluid flows and the accumulation of retrograde condensate in 

Figure 3: Profile of a production sub-horizontal well.
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the bottom-hole zone. The efficiency of hydraulic fracturing in 
gas condensate formations is influenced by the relative phase 
permeabilities of reservoir rocks and hydraulic fractures. If the 
hydraulic fracture's permeabilities are higher than the formation's 
average, gas condensate well efficiency surpasses that of gas 
wells; conversely, lower hydraulic fracture permeabilities result 
in reduced efficiency [32].

Hydrodynamic studies in wells penetrating A3-4 and A5 formations 
in the studied field revealed dependencies on penetration type, 
well completion, and stimulation method (Table 1). Of the 62 
production wells in the deep-lying deposits, nine and 50 hydraulic 
fracturing operations were performed in the A3-4 and A5 
formations, respectively. Over half utilized high-volume hydraulic 
fracturing, while 24 employed HiWay technology. Proppants, 
including BorProp 20/40 and Fores 20/40, formed fracture 
internal structures, while ForesRCP 16/20 and ForesRCP 20/40 
secured fractures near the wellbore.

The well-testing analysis demonstrated the effectiveness of 
hydraulic fracturing, with almost all wells achieving or exceeding 
expected gas condensate flow rates. Post-fracturing well logging 
revealed gas-releasing intervals concentrated at the roof of 
productive formations (Figure 4).

The field employed two hydraulic fracturing technologies—
large-volume hydraulic fracturing (up to 300 tons of proppant) 
and HiWay technology (exceeding 200 tons). HiWay, designed 
for highly conductive fractures, notably reduced proppant mass 
compared to high-volume hydraulic fracturing [33]. The use of 
structure-forming material J954 further contributed to fracture 
creation. Consequently, HiWay technology significantly reduced 
proppant mass, as illustrated in Figure 5.

Following these geological and technical interventions, a 2.5-fold 
increase in flow rate was observed in the wells of the deep-lying 
deposits, with the hydraulic fracturing effect enduring for three years.

Figure 4: Mass distribution of proppant injected into hydraulic fractures.

Table 1: The average operating parameters of wells with different penetration types.
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Conclusion
In the realm of low-permeability and deep-laying deposits, 
Multistage Hydraulic Fracturing stands out as a potent tool 
for creating expansive, permeable fractures. Its efficacy lies 
in preserving the reservoir rock's flow characteristics around 
fractures, thereby establishing favorable conditions for the inflow 
of gas and condensate into the wellbore.

An examination of well productivity in the studied low-
permeability and deep-lying deposits revealed that the A5 and 
A6 formations exhibit lower reservoir properties than the A3-4 
formations. Despite this, the A5 and A6 formations are crucial 
production targets due to their condensate yields, which are 
twice as high as those from the A3-4 formation at comparable 
bottom-hole pressures.

Comparatively, HiWay technology proves advantageous over 
high-volume technology, notably reducing the proppant required 
to secure hydraulic fractures by less than 38.5%. In the deep-
lying, low-permeability deposits of the studied field, hydraulic 
fracturing maintains its effectiveness for three years following the 
implementation of technical and geological measures, resulting 
in a 2.5-fold increase in flow rate.
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